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Dear Bruce : 
Hail, wassail stout fellow, joyeux noel, etc. We miss you too: it 

would have been Borne party last night could we all have gotten togeWr 
over our cups. 
too long you'll 

Spike (Spicer) help8 remind ua of Nerrie England, but lere 
have him back too. 

I'm eorry not to have anaered you Sooner about your draft-- I find it dif- 
ficult to say anything about it at this etage, except that it 8eem8 to cover 
all the facte. I'd rather not have gone at this, and would rather see your 
final draft, a8 it is only th&e that various points of emphasis and fact 
can be seen to be criticized. Nort' has& said anything to me about his 
views on the papar: I expect you'll hear straight from him. I'll try to 
dig out what suggestion8 I can at thi.8 stage, a8 you've prodded Esther for 
them. Firat, thank8 for the numerous culture8 received on the 23d. I wa8 
most interested in SL-13 -14 (Are these euppoeed to be identical). I wondered 
whether there weren't 8ome inconsistency betwea your transduction of a para 
A, and it8 supposed incompetence to be adsorbed. After looking at its vary 
low efficiency of traneinduction (by PLT22/2 and 22B/6@ etc), I 8ee there 
may be no inconsistency, but I haven't tried to measure phage adsorption yet. 
Fla I think may be better than F, although more cumbersome. F may already 
have built up some connotation8 re compatbility. Fla ban be pronounced; Flg 
cannot. Hl is probably easier than Hap for typographical reasons, but this 
ia no strong argument. I would agree on Flal for 343, and will accede to your 
other definition8 henceforth, except that I think it unwise to save Fla2 for 
SL-13. If it does turn out to be isolocal with Flal, that will leave a gap 
at the very beginning of the series which ia awkward in completing cheoker- 
board8, etc. I would classify SL-13 a8 provisionally Flal on the ba8i8 of 
the common linkage to Hl, and give it a distinctive number later if neceseary 
In fact, it would be peychologically advantageous not to give adjacent nume- 
rals to linked loci, a8 this often tend8 to evoke zx a speciously aimple 
image of structure. I would assign Fla2 to aome locus definitely different 
from Flal. When it comes to numbering loci, I suggest the burden 58 to prove 
difference, though the ehoe's on the other foot when it come8 to aaaertions 
of allelism. Slo '8 ok, but I think a more elegant prefix would be desirable. 
Have you any claesical scholars in your pocket2 Re phage-typing, fine. Unbe- 
knownet to me, Edward6 had been doing the 8ame on the strains sent him, with 
consistent results. On basie of rhamnoae fermentation alone, the parent of 
1X448 to be #Vi’. #I57 came frcm X25, which I know have, and is a typical . strain. The change b-- 1,2 must have been a sporadic mutation, but I 
em making some further tests on the genetic homologies of it8 Hlb. A major 
difficulty is a j phaae (2339) which crops up now and then, and for which I 
have not yet gotten 8erum fbr %urther genetic analysis. Dave should have this 
in hand coon, however. I applaud your plans to study the tracks. I don't 
understand your remark on gp-1,2. Have I miscopied something? The experiment 
was dublin 0 --x typhimurium, not the contrary. All that need8 be postulated 
is the substitution of Hlgp for Hli. I haven't tried H22 --x dublin. 

The adaptation of PLT22 to paraB ia still unsettled--just haven't gotten 
round to a careful titration of '22B' grown back on typhimurium, though I've 
made the lysates. 

If I can get round to it, I'll add a briefing on some recent experiment8 
on lyeogenization. I'd better get to your draft firat: 



Title1 & like 'em 8hOrfer, viz. "Genetio analyeie of Salmhella flagella", or 
genetic determination, control, . . . . 

Ia. Norton and I will probably eet to review and e~mnarlze the evidence for 
FA- phage. Our recent lyeogenization expte, 8eem to olinch thle, and there’e 
more yet. You will have to make a luo%d reuap*, but f would euggeet not 
inoluding other experimental dstaile in the flrat draft. They can be added 
if f&m-e 8ctem8 to be room. 

Ibo, II b,++ Check. Table would be all right; not improper to group them, antluipa- 
ting later work. 
XIo. Definitely, It&$ reputation should be restored. 
How abeut eome di8UU8sien of phyefaal prOpertie8, strucrture of gelatin agart 
(EXL temperature response). 
III theok. Inoidencre of’ lyeogenicity may depend on adaptation of phage to 
hoet. E.g, . with LT-2 and PLT22, it he very high; with PLT22 and 666, very loti, 
IVa. table here: alwe$8 aaeier to refer baok than forward. Oallinarum not 
known &o be tranainduaed for any oharaoter. 
V chock. VI o&. VII ch, Srschfs 0 mutant might be very good for this in 
view of it8 high rate of phaee-variation. 
X. Ham ia the first place z~y emphasis in thirM,ng d%ffers from youre. It 
would be premature to oonolude that the linkagee have any phyelolog$.cal 
aigniflcanoet could be coincfdenoe. Also, argument is hietoriaally reversed . 
The llnked traneduction wa8 etunbled on before ltcwas looked for. Psrhape 
the cloeeef analogy in E. csli la 
litige of “peeudoall~les” is 

V p-Vlr-Vie 
excep i 

system (OSH ‘51). Vary cloere 
ional-- your draf+t eeeme to give the 

OppO8ite impl’~8f3fOrh Try lwaffhng p443t 
“In the pre86nt inetanaee” 

p.11 line 6 p.2 Which 2 inatenof;‘, 
P Orificlmm uf 543 am poesibly a “monophaeio abenL * 

-what does it mean? What would you call &m eradisge --x s3: menoph) 
at&a Chester, eandiego, stpaul . . .4 Are you aeldng the question, Is 343 recent 
ly or einply deriti from CL typloal b:12 or b:onx etr&~t I[, oan’t tell you, 
but I'd be amueed to hear hie responee. Meet people will rsoognize what you 
mean if you write paratypM B, not java. Edward8 mentioned that it reacted 
with various paraB phages; but no eimple pattern. 
Ratio of b:l ¶.a variable with FA from different stooke, and $3 rather poorly 
defined ae later uwarm8 may chow dif'fsnent ratios from earlier. I would not 
go in*& this, but simply put oa* 5% f'or t-m -x 545. Might mention that 
Gal- marker of 666 rules out contam. to explafn i*e, ae does their monophaeic 
behavior. 
Detailed report (mirror abeorptfons) on cruafal etrains would be detlrable. 
Can aleo mention general confirmation by Edwarde, but phraae thie carefully 
( per~w, “mlW.bz oulturee obtained in eidltar expt8. by JL have been veri- 
fied by HIE) to avoid %mplication that we felt Independent verification of 
their findings wa8 nece8aary. ~BX 

But you really oan't hold me to a eerfoue diaoussion of the draft, which ie 
superb. Will you give me an opportunity to 8ee the final paper& I promlae to 
be moat prwpt. 

Baok to lysogenization expte: (X muet have included ecme remarke with my 
shipment of aulturee -Have you gotten ties yet? Aleo, have juet cent out 
come reprint6 ef ZdbL, and that review of whioh most of the put&u&fen is 
yours. Supplies are fairly tight, but euggsetions on who tight profitably 
uee addn’l reprint8 are weloaae). fn my laet letter, I mentioned a prelimin. 
expt. "Rhine has been repeatud with a more satfefactory oontrolt OalQla+wae 
added in emall number8 to Gal-Fla- plus FA(L(al*). Papillae were picked and 
scored a8 Fla+/- and lysogenic/eensitive, after purification. Be &ransduotio~~ 
(Fla- Gal+) were 18 lyeogenic t 3 aenaitive; the ineertions (Flat Qalt) u8me 
out 3 lyeogenic : 43 eeneltive. Esther has done an equally deuielve experimer& 
with lambda. In both cIasee, the multiplicity of phage wae high, and it wa8 
difficult at first to give detailed explanation, except in the general terme 
that lyeogenization ie direotly oonnected nlth transduction. The former hae 



yet to be well underdxmd, but thy following rearronhg may be useful. The non- 
lyeogenlo eu!tvivor~ in them expertmenta uan hardly be regarded arr oelle that 

haw never heen fnfectetd. Instead, they are likely te be part of the progeny of 
infected oelle, and, often, eibe to oelle that have either lyeed or become lyso- 
genie. In this oonnectian, If Is worth noting that Eether found that the trana- 
ductione were not obviously mixed lambda* and e, whereae moat of the controls 
that ahowed any lambda were. What we are-doing, then, la to fix on that part of 
the progenlae whioh have had the beet opportunity to become etably lysogenia by 
eeparating the traneduatima f’rorm the parent cells, and this aaoounts for the 
higher Inuldenea of lyaogeniclty. In E. aoli, thie incidence wan lOO$ in the 
traneductione; about 2/3 bn the reat of the populaMon (a good deal of this is 
overerstlmated by reinfection, of oeures). I had been planning a elmilar experiment 
at lower multlpliaittee, and using antiserum to prevent reinfection, 80 that the 
limiting factor would be euppoeedly the amount of phage, but until the lyaogeniza- 
tion aspeot ie better undm&ood, thie may not be meaningful. In addition, ewn 
undiluted swum in not entirely eff’eotifs in preventing erom-inf’eutim fram 
bacterial infeotiw oentere. Tha point of these experimente is, of course, to try 
to ehow that FAhrphage not only with respect to the &ins, but also the sontenta. 

Another approauh is now poeeible with the help of’ a "lytlo vw$.anf" of PLT22, 
22V, noticed casually on LT-2. 22V lyre6 almost complstely( aurvivom mostly roughs, 
not lyeogenlc, 80 

8 
ar), but LT2(22) ira resistant (Cf. G and 0' of Burnat and Lueh 

1936). Thue, if lo PL 
iJ= 

in added to l@ LT-2, followed 10 minutea later by exoee~ 
22V one gate nearly 10 eurvivore. The pleting of the PLT22-infected LT-2 by itself 
gives an expected proportion ef oontaminated, rather than lyeogenic croloniea, in 
agreement with Esther and my previous exptB. with lembda. 90 I do not think, unfor- 
tunately, that resletance to 22V requires the u?-timhe &able lyoogenic atate. (f 
note your mention of a etudent doing something rsimilar-- we shall have to arrange 
to avoid unnecessary owrlap.) This proteation sxperiment ie samething I longed to 
do with lambda come time ago, especially when I Qougltt of the%ransform&ioner* 
as a aort ef’ distorted lysogenization, but I never could find a !,nrtant lambda or 
other phage with the hacesaary properties. laainski had smaetthing similar too, of 
courm. 22V should make it p3esible to connect Fh -4th partiolea with protectire 
ability, which: will in turn produce 1ysoPeni.c eurvivors. Lf moet of the traneduo- 
tione are praserwd (after lnf’eetion at low multiplicity with PLT22) &WIC=WB&? 
while most of the rest of the popul.aticm Ia d&royed by by 22V, this w0r.1311 again 
correlate phage partieiee a8 actual carriers of FA. (Xn this, I EU;? crontengling with 
the uounterbothesis that FA ha phage ~xx skina that have lncorporetad baotHa1 
fragmenta inertead of phase nuclei.) As 22V itaelf hae a trace, though rather definite, 
tranducing aotivity, Meted on lyeogenic receptor atrnins, 8036 elementary precau- 
tione are rreeded for the experiment, gnd those have de&y& it :wclentari!y. 22V seems 
to be temperate for SW666. 

Sane more data with UVI 3y very long exposures ( 20 mine., our sterilamp at 50 CXII) 
lytio activity of FA( s,g, SW618) can be redueed over sisoadee, while FA 1s dimin/ 
lehed leae than 1. Thie permite traneductione (Gal+) and pl.aquea to be counted on 
the eeme plate. The former are not lyaogenic. As I may have mentioned, the intent 
of these experimenta warn to dissociate Fla from 31 in the linked transduction. It 
appeare doubtful, however, that UV ie reaching the genetic material at all. In addi- 
tion, the proportion of b:i in SW&&-x 666 varies a8 between the early and the late 
~swarme, and cannot therefore be accurately measured. I do not underetand this very 
well, the purifiad isolafee have about the 8ame motility afterwards. Either there is 
a differenoe in the time of initiation, or the initial differenaea in rates (po?.ygenic 
linked modifiers?) are lewlled by subsequent eelection before the isolates can be 
purified. One expt. with X-ray was not very promieing: 200,000 r left about lO$ 
phage and m (9 FA. Theeed doses are too large to make any thorough investigation 
feasible. 



Larry has been doing soal W-induction (lwoff) experiraents for me: LT2, LT22 
do not look very promising, but the SW5f+3 line, inf8ctsd with 22F3, seems to be 
working very WQU.. Lwoffat8s titrate to about 1010, hav8 the same pattern of 
Gal+, Fla+ transducing i+ctiviv as 1ytJical.Q grown &ag8. 

On phase genetics, I have been temporarily s&topped, aaiting for so- new cul- 
tures from Edwards which may be sufficiently stable. For good technical reasons, 
I need diphasics (like abony) of which Hl is neither & nor p, and of which H2 

does not react with anti-1,2.... If you yourself happen to be acquainted with 
+w such serotypes of which you have the knowledge thtit they are relatively stabbe 
in flagellar phase, I should appreciate them. (Perhapa Joan Taylormight--would you 
ask her? I've sent Edwards th8 specifications , suggesting biapebjerg, abortus-bovis 
(aomptent to absorb?}, durban or other abony's.)X could use soms of my own 
recombinants, and perhaps will, but this might not be regarded as cr&cket, One gets 
into soms perplexities wondering how a "heterophasic" transduction will work out 
on ay scheme. 
I have not yet succeeded in getting & from i:a -x 666, but have perhaps not 
tried enough. It is possible that 
phasic residual pnotype of $8~666. T 

Hli* is capable of functioning in the mono- 

of,the <Hlb 
his could be tssted by looking at the competence 

--x 666)i --x abony, where it would no longer function. Alternatively, 
Hlh may undergo sufficiently rapid variation to H 

ii 
i in the 666 residue to allow 

the i phase to be detected, especially if Fla+ Hl is immotile, and therefore 
strongly selected against. 

On a visit to Boston last month, I had an excellent tint8 wfth Die::?!s, and took 
some uf hb material back with ne. I think I cm now g-on? Lfcrms frcjm Proteus 
without too much trouble, but quite large lnocula are st;ill reLpi.red et each 
transfer. He has promised to send me some aaterizl c?f t,hcl sa.slti scat from Salmo- 
neila for soms g8netia experiments (e.g. Fla+ L -x Fla- Bact.) These L8s are 
entirely irravertible, which is some slight advalbtsge. It seems to be necessary 
to preserw the integrity of microcolonies of the L's to permit further growth: 
they either must make a surface film for themselves on bmt,h, or have physical 
support, either agar at just the right concentr&tion, or cotton fibers, or as 
seems to be working a film of collodiom. Mic~oeoopfc~ally, they a~ wierd; I do 
not yet have any evidsnce of my own that they are genatics3Sy derived from the 
origin&i. bacteria, and am keeping an open mind on the whole business. The small 
size and growth habit almost suggests that ths genetic equivalent of a bacterial 
cell is the L-colony, but this is a speculative fancy. 

irord of your magnificent talk also reAc?hsd here via a latt;?r to Spiser, 

Have you heard of NovickkSzilard's recent work on anUmutagans?-you must hav8 
en rout8 home. It would be fun (forvyou?) to try the88 on th8 Salmonella mutations 
(phase variation, Fla+ ..) In fact,, therets still no evidence of .any mutagenic 
eifect on these factors, is there? 

Esther and I have been discussing your phage-chromoso.ms speculntion. %ost of this 
is alr8ady deeply engrained (as speculation) around here, but why does the sit8 
hava to be a chromosome ebd? What kiade of experiments would bear on this? 

A riverdice) 


